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and reduce costs and the volume. The soft start circuit
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and is used to implement soft starting of the rectifier cir-
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Description
TECHNICAL FIELD

[0001] This application relates to the field of power
technologies, and in particular, to a soft start circuit and
a converter.

BACKGROUND

[0002] As an alternating current (alternating current,
AC)/direct current (direct current, DC) converter, a recti-
fier circuit is widely used in many scenarios. For example,
adirect current charging pile may include a rectifier circuit
to rectify an alternating current output by a grid to obtain
a direct current, so that a power battery is charged. For
another example, an on-board charger (on-board charg-
er, OBC) may also include a rectifier circuit to convert an
input alternating current into a direct current, so that a
power battery is charged. In addition, a data center and
a telecom power supply also include an AC/DC convert-
er.

[0003] Inanexample of arectifier circuit, to be specific,
a power factor correction (power factor correction, PFC)
circuit of the direct current charging pile, an input side of
the PFC circuitis connected to the grid, for example, may
be connected to an alternating current grid of 380 V. Be-
fore the PFC circuit is powered on, a voltage of a bus
capacitor is 0. After the PFC circuit is powered on, the
bus capacitor is impacted by the grid, which is prone to
cause component damage. Therefore, in actual applica-
tion, a soft start circuit is generally configured for the PFC
circuit, to prevent a large inrush current from occurring
during power-on.

[0004] A soft start circuit provided in a conventional
technology may be shown in FIG. 1. In an example in
which the soft start circuit is used in a three-phase PFC
circuit, the soft start circuit includes a resistor R1 and a
relay K1 that are connected in parallel, and a resistor R2
and a relay K2 that are connected in parallel. R1 and K1
are connected in series in a phase A, R2 and K2 are
connected in series in a phase B, and C1 and C2 are bus
capacitors. In an initial status, to be specific, before the
PFC circuitis powered on, K1 and K2 are in a turned-off
state, and voltages on the bus capacitors C1 and C2 are
both 0. After the PFC circuit is powered on, the resistors
R1 and R2 in an input loop may limit an input current, to
prevent a large current in a grid from impacting C1 and
C2. An alternating current output by the grid charges C1
and C2 via R1 and R2. When the voltages of the bus
capacitors reach a specified value, an auxiliary power
supply operates (the auxiliary power supply may take
power at a connection point P between C2 and a positive
busbar, and when C2 is charged to a specified voltage
value, the auxiliary power supply is started). After oper-
ating, the auxiliary power supply is capable of supplying
power to a control circuit, so that the control circuit con-
trols statuses of K1 and K2. When the control circuit de-
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tects that the voltages of the bus capacitors reach a pre-
set rectified voltage value, the control circuit controls K1
and K2 to be turned on, and the PFC circuit operates
normally. Soft starting can be implemented through the
foregoing manner.

[0005] In a solution provided in the conventional tech-
nology, the soft start circuit includes two relays and two
resistors, and requires a large quantity of components,
which affects costs and the volume of the soft start circuit.

SUMMARY

[0006] Embodiments of this application provide a soft
start circuit and a converter that are used to reduce a
quantity of components in the soft start circuit, to reduce
costs and the volume.

[0007] According to a first aspect, an embodiment of
this application provides a soft start circuit. The soft start
circuit is located between a rectifier circuit and a bus ca-
pacitor, and is used to implement soft starting of the rec-
tifier circuit. The soft start circuitincludes a switching tube
and a relay. The relay is connected in parallel to the
switching tube. The relay is in a turned-off state before
the rectifier circuit is powered on. After the rectifier circuit
is powered on and a voltage value of the bus capacitor
reaches a preset voltage value, the relay is turned on.
[0008] The switching tube may be a metal-oxide-sem-
iconductor field-effect transistor MOSFET, an insulated
gate bipolar transistor IGBT, or a triode. The relay may
be an alternating current relay, a direct current relay, or
a contactor.

[0009] According to the soft start circuit provided in the
first aspect, before the rectifier circuit is powered on, the
switching tube and the relay are in the turned-off state
by default, and voltages of bus capacitors are 0. After
the rectifier circuit is powered on, an input current of the
rectifier circuit charges the bus capacitors via the switch-
ing tube. In actual application, a control signal of the
switching tube enables the switching tube to be in a high-
resistance state. Therefore, when the bus capacitors are
charged, a current flowing through the bus capacitors is
not excessively large, so that the bus capacitors are not
damaged due to an inrush from a grid. When the voltages
of the bus capacitors reach the preset voltage value, the
relay is turned on, and the switching tube is bypassed,
so that the soft starting of the rectifier circuit is imple-
mented. The preset voltage value of the bus capacitors
may be a rated output voltage value of the rectifier circuit,
to be specific, a rectified value of the rectifier circuit. Ac-
cording to the soft start circuit provided in the first aspect,
the soft starting of the rectifier circuit can be implemented
by using only two components: the switching tube and
the relay. Compared with the solution in a conventional
technology, the soft start circuit requires fewer compo-
nents, so that costs and the volume of the soft start circuit
are reduced.

[0010] In a possible design, the soft start circuit is lo-
cated between the rectifier circuit and the bus capacitor.
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A specific implementation may be as follows: 1. The soft
start circuit is located on a positive busbar. 2. The soft
start circuit is located on a negative busbar. 3. The soft
start circuit is connected in series to the bus capacitor.
[0011] In a possible design, the rectifier circuit may be
any one of the following: a three-phase three-level power
factor correction PFC circuit, a three-phase two-level
PFC circuit, and a single-phase PFC circuit.

[0012] In addition, the soft start circuit provided in the
first aspect may further include a resistor. The resistor is
connected in series to the switching tube, and is config-
ured to perform current limiting on the switching tube.
[0013] According to the foregoing solution, when the
rectifier circuit is started, a current flowing through the
switching tube can be further reduced.

[0014] In a possible design, the control signal of the
switching tube is a pulse width modulation PWM wave.
[0015] According to the foregoing solution, the control
signal of the switching tube is configured to enable the
switching tube to be in the high-resistance state. The
switching tube is controlled through the PWM wave, so
that the switching tube can be alternately turned on and
off and be in the high-resistance state to limit the current.
[0016] In a possible design, a control circuit controls
turning-on of the relay.

[0017] According to the foregoing solution, after the
rectifier circuit is started, the relay can be turned on
through the control circuit.

[0018] Further, the control circuit can be powered by
an auxiliary power supply, and the auxiliary power supply
takes power at an input end of the rectifier circuit.
[0019] According to the foregoing solution, when the
rectifier circuit is powered on, a voltage at a power taking
point of the auxiliary power supply increases rapidly and
reaches a startup voltage of the auxiliary power supply,
so that the auxiliary power supply is started. After being
started, the auxiliary power supply is capable of convert-
ing an input voltage into an operating voltage of the con-
trol circuit, to supply power to the control circuit. After
being started, the control circuit is capable of controlling
the control signal of the switching tube, to perform current
limiting on a branch of the switching tube.

[0020] According to a second aspect, an embodiment
of this application provides a converter. The converter
includes a rectifier circuit and the soft start circuit that is
provided in any one of the first aspect or possible designs
of the first aspect. The soft start circuit is used to imple-
ment soft starting of the rectifier circuit. The rectifier circuit
is used to rectify an input alternating current to obtain a
direct current.

[0021] Inaddition, itshould be understood thatfor tech-
nical effects brought by any one of the second aspect or
possible design manners of the second aspect, reference
can be made to technical effects brought by the different
design manners in the first aspect. Details are not de-
scribed herein again.
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BRIEF DESCRIPTION OF DRAWINGS
[0022]

FIG. 1 is a schematic diagram of a structure of a soft
start circuit according to a conventional technology;
FIG. 2 is a schematic diagram of a structure of a first
soft start circuit according to an embodiment of this
application;

FIG. 3 is a schematic diagram of a structure of a
second soft start circuit according to an embodiment
of this application;

FIG. 4 is a schematic diagram of a structure of a third
soft start circuit according to an embodiment of this
application;

FIG. 5 is a schematic diagram of a structure of a
fourth soft start circuit according to an embodiment
of this application;

FIG. 6 is a schematic diagram of a structure of a fifth
soft start circuit according to an embodiment of this
application;

FIG. 7 is a schematic diagram of a structure of a sixth
soft start circuit according to an embodiment of this
application;

FIG. 8 is a schematic diagram of a structure of a
seventh soft start circuitaccording to an embodiment
of this application;

FIG. 9 is a schematic diagram of a structure of an
eighth soft start circuit according to an embodiment
of this application; and

FIG. 10 is a schematic diagram of a structure of a
converter according to an embodiment of this appli-
cation.

DESCRIPTION OF EMBODIMENTS

[0023] The following further describes in detail embod-
iments of this application with reference to accompanying
drawings.

[0024] Itshould be noted that "a plurality of" in embod-
iments of this application means two or more than two.
In addition, in the descriptions of this application, terms
such as "first" and "second" are merely used for distinc-
tion and description, and shall not be understood as an
indication or implication of relative importance or an in-
dication or implication of an order. "Coupling" mentioned
in embodiments of this application means an electrical
connection, and may specifically include two manners:
a direct connection and an indirect connection.

[0025] An embodiment of this application provides a
soft start circuit. The soft start circuit is located between
a rectifier circuit and a bus capacitor, and is used to im-
plement soft starting of the rectifier circuit. As shown in
FIG. 2, a soft start circuit 200 includes a switching tube
201andarelay 202. Therelay 202 is connected in parallel
to the switching tube 201. The relay 202 is in a turned-
off state before a rectifier circuit is powered on. After the
rectifier circuit is powered on and a voltage value of a
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bus capacitor reaches a preset voltage value, the relay
202 is turned on.

[0026] In actual application, the switching tube 201
may be, for example, a metal-oxide-semiconductor field-
effect transistor (metal-oxide-semiconductor field-effect
transistor, MOSFET), a gallium nitride (gallium nitride,
GaN) transistor, an insulated gate bipolar transistor (in-
sulated gate bipolar transistor, IGBT), a bipolar junction
transistor (bipolar junction transistor, BJT), or a triode.
The relay 202 may be, for example, an alternating current
relay, a direct current relay, or a contactor.

[0027] In addition, a specific structure of the rectifier
circuitis not limited in this embodiment of this application.
The rectifier circuit may be a three-phase three-level PFC
circuit, a three-phase two-level PFC circuit, or a single-
phase PFC circuit. The specific structure of the foregoing
rectifier circuit belongs to a conventional technology, and
details are not described in this embodiment of this ap-
plication.

[0028] In this embodiment of this application, the soft
start circuit 200 is located between the rectifier circuit and
the bus capacitor. Specifically, the soft start circuit 200
may be located on a positive busbar, be located on a
negative busbar, or be connected in series to the bus
capacitor.

[0029] For example, the rectifier circuit is the three-
phase three-level PFC circuit shown in FIG. 1. In an ex-
ample shown in FIG. 3, the soft start circuit 200 is located
on a positive busbar. In an example shown in FIG. 4, the
soft start circuit 200 is located on a negative busbar. In
an example shown in FIG. 5, the soft start circuit 200 is
connected in series to a bus capacitor. In addition, in the
example shown in FIG. 5, the soft start circuit 200 is con-
nected in series to abus capacitor C2. In another possible
design, the soft start circuit 200 may alternatively be con-
nected in series to a bus capacitor C1.

[0030] If the soft start circuit 200 is connected in series
to the bus capacitor, a current flowing through the relay
202 is only a ripple current on the bus capacitor. A relay
with a small current specification can be selected as the
relay 202.

[0031] The following takes FIG. 3 as an example to
describe an operating principle of the soft start circuit
200. Before the rectifier circuit (that is, the three-phase
PFC circuit in FIG. 3) is powered on, the switching tube
201 and the relay 202 are in the turned-off state by de-
fault, and voltages on the bus capacitors C1 and C2 are
both 0. After the rectifier circuit is powered on, an input
current of the rectifier circuit charges the bus capacitors
C1 and C2 via the switching tube 201. In actual applica-
tion, a control signal of the switching tube 201 enables
the switching tube 201 to be in a high-resistance state.
Therefore, when C1 and C2 are charged, a current flow-
ing through C1 and C2 is not excessively large, so that
the bus capacitors are not damaged due to an inrush
from a grid. When the voltages of the bus capacitors C1
and C2 reach the preset voltage value, the relay 202 is
turned on, and the switching tube 201 is bypassed, so
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that the soft starting of the rectifier circuitis implemented.
The preset voltage value of the bus capacitors may be a
rated output voltage value of the rectifier circuit, to be
specific, a rectified value of the rectifier circuit.

[0032] According to the soft start circuit 200 provided
in this embodiment of this application, the soft starting of
the rectifier circuit can be implemented by using only two
components: the switching tube 201 and the relay 202.
Compared with the solution in a conventional technology,
the soft start circuit 200 requires fewer components, so
that costs and the volume of the soft start circuit 200 are
reduced.

[0033] In addition, in the conventional technology
shown in FIG. 1, resistors need to be configured in the
soft start circuit. The resistor is connected in series to a
phase line. When the rectifier circuit is powered on, the
resistor is required to withstand a large current inrush.
Therefore, the resistor is a cement resistor. The volume
of the cement resistor is large, which also increases the
volume of the soft start circuit to a certain extent. How-
ever, in this embodiment of this application, the switching
tube 201 is controlled through the control signal of the
switching tube 201, so that the switching tube is in the
high-resistance state to limit a current. The volume of the
switching tube 201 is far less than the volume of the ce-
ment resistor. Therefore, the volume of the soft start cir-
cuit 200 can be further reduced.

[0034] As described above, in this embodiment of this
application, the control signal of the switching tube 201
is configured to enable the switching tube 201 to be in
the high-resistance state. The control signal of the switch-
ing tube 201 is input from a control end of the switching
tube 201. For example, when the switching tube 201 is
the MOSFET, the control end of the switching tube 201
is a gate of the MOSFET. Specifically, the control signal
of the switching tube 201 may be a pulse width modula-
tion (pulse width modulation, PWM) wave. The PWM
wave may be considered as a square wave with an ad-
justable duty cycle. The switching tube 201 is controlled
through the PWM wave, so that the switching tube 201
can be alternately turned on and off and be in the high-
resistance state to limit the current.

[0035] Inanotherimplementation, a resistor may alter-
natively be connected in parallel to a branch of the switch-
ing tube 201. Current limiting is performed on the switch-
ing tube 201 through the resistor. The example shown in
FIG. 3 is still taken as an example. After the resistor is
connected in parallel to the branch of the switching tube
201, a structure of the soft start circuit 200 may be shown
in FIG. 6. In FIG. 6, Q1 represents the switching tube,
K1 represents the relay, and R1 represents the resistor.
[0036] The current limiting is implemented through a
manner of connecting the resistor in parallel, so that a
current flowing through the switching tube 201 can be
further reduced.

[0037] After the resistor is connected in parallel, the
switching tube 201 may still use the PWM wave as the
control signal. Alternatively, in another implementation,
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the switching tube may not use the PWM wave as the
control signal. The switching tube 201 is in a turned-on
state before the rectifier circuit is powered on. After the
rectifier circuitis powered on, an input circuit charges the
bus capacitors via the resistor R1. After the voltages of
the bus capacitors reach the preset voltage value, the
switching tube 201 is turned off, K1 is turned on, and the
rectifier circuit operates normally. In this control manner,
a difficulty of controlling the switching tube 201 can be
reduced.

[0038] In this embodiment of this application, to imple-
ment soft starting of the rectifier circuit, turning-off and
turning-on of the relay 202 need to be controlled, and an
input signal (the control signal) of the switching tube 201
also needs to be controlled. Specifically, the turning-off
and the turning-on of the relay 202 and the control signal
of the switching tube 201 can be controlled through the
control circuit.

[0039] In actual application, the control circuit can be
powered by an auxiliary power supply, and the auxiliary
power supply can take power at an input end of the rec-
tifier circuit. For example, a topology shown in FIG. 3 is
still taken as an example, and the auxiliary power supply
can take power at a point P in FIG. 3. Therefore, when
the rectifier circuit is powered on, a voltage of a power
taking point of the auxiliary power supply increases rap-
idly and reaches a startup voltage of the auxiliary power
supply, so that the auxiliary power supply is started. After
being started, the auxiliary power supply is capable of
converting an input voltage into an operating voltage of
the control circuit, to supply power to the control circuit.
After being started, the control circuit is capable of con-
trolling the input signal (the control signal) of the switching
tube 201, to perform current limiting on the branch of the
switching tube 201. After the voltages of the bus capac-
itors reach the preset voltage value, the control circuit
controls the relay 202 to be turned on.

[0040] In the conventional technology shown in FIG.
1, the control circuit controls the relay to be turned on
after the bus capacitors are charged to arectified voltage
value. Therefore, before the relay is turned on, the control
circuit is not actually involved in a soft start process of
the rectifier circuit. This embodiment of this application
differs from the conventional technology shown in FIG.
1 in that in a process of implementing the soft starting,
the control circuit is required to control the control signal
of the switching tube 201. Therefore, compared with the
conventional technology shown in FIG. 1, this embodi-
ment of this application relates to arranging the power
taking point of the auxiliary power supply in the front, so
that the auxiliary power supply can be started after the
rectifier circuit is powered on. The control circuit is trig-
gered to operate normally to control the control signal of
the switching tube 201, so that the soft starting is imple-
mented.

[0041] As described above, in this embodiment of this
application, the rectifier circuit may be a three-phase
three-level PFC circuit, a three-phase two-level PFC cir-
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cuit, or a single-phase PFC circuit. The foregoing exam-
ples are described by taking an example in which the
rectifier circuit uses a three-phase three-level PFC circuit
topology. The following further lists scenarios in which
the rectifier circuit uses the three-phase two-level PFC
circuit topology and a single-phase PFC circuit topology.
[0042] When the rectifier circuit uses the three-phase
two-level PFC circuit topology, the soft start circuit 200
provided in this embodiment of this application may be
shown in FIG. 7. In an example shown in FIG. 7, Q1
represents the switching tube 201, and K1 represents
the relay 202.

[0043] When the rectifier circuit uses the single-phase
PFC circuit topology, the soft start circuit 200 provided
in this embodiment of this application may be shown in
FIG. 8. In an example shown in FIG. 8, Q1 represents
the switching tube 201, and K1 represents the relay 202.
[0044] For operating principles of the soft start circuits
200 shown in FIG. 7 and FIG. 8, reference can be made
to the foregoing description. Details are not described
herein again.

[0045] In conclusion, according to the soft start circuit
200 provided in this embodiment of this application, the
soft starting of the rectifier circuit can be implemented by
using only two components: the switching tube 201 and
the relay 202. Compared with the solution in a conven-
tional technology, the soft start circuit 200 requires fewer
components, so that costs and the volume of the soft
start circuit 200 are reduced. In addition, in this embod-
iment of this application, the switching tube 201 is con-
trolled through the control signal of the switching tube
201, so that the switching tube 201 is in the high-resist-
ance state to limit a current. When this embodiment of
this application is compared with a solution in which the
cement resistor is used to limit the current in a conven-
tional technology, the volume of the switching tube 201
is far less than the volume of the cement resistor. There-
fore, the volume of the soft start circuit 200 can be further
reduced.

[0046] It should be noted that the soft start circuit 200
provided in this embodiment of this application may be
applied to a plurality of scenarios in which the rectifier
circuit is configured, to implement the soft starting of the
rectifier circuit. An application scenario of the soft start
circuit 200 is not specifically limited in embodiments of
this application. For example, the soft start circuit 200
can be applied to entities such as a direct current charg-
ing pile, an OBC, a data center, or a telecom power sup-
ply.

[0047] For example, when the soft start circuit 200 is
applied to the direct current charging pile, the direct cur-
rent charging pile may include a plurality of conversion
modules. Each conversion module includes the rectifier
circuitand a conversion circuit. The rectifier circuitis used
to rectify an input alternating current (mains electricity)
to obtain a first direct current. The conversion circuit is
used to perform DC/DC conversion on the first direct cur-
rent to obtain a second direct current. The second direct
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current charges a power battery. In addition, each con-
version module further includes the soft start circuit 200.
The soft start circuit 200 is located between a direct cur-
rentbusbarand a bus capacitor,and is used to implement
the soft starting of the rectifier circuit.

[0048] Foranother example, when the soft start circuit
200is applied to the OBC, the OBC may include a plurality
of conversion modules. Each conversion module in-
cludes the rectifier circuit and a conversion circuit. The
rectifier circuit is used to rectify an alternating current
output by an alternating current charging pile to obtain a
first direct current. The conversion circuit is used to per-
form DC/DC conversion on the first direct current to ob-
tain a second direct current. The second direct current
charges a power battery. In addition, each conversion
module further includes the soft start circuit 200. The soft
startcircuit 200 is located between a direct current busbar
and a bus capacitor, and is used to implement the soft
starting of the rectifier circuit.

[0049] The following describes, by using a specific ex-
ample, a specific operating process of the soft start circuit
provided in this embodiment of this application.

[0050] As shown in FIG. 9, in an example in which the
rectifier circuit uses a Vienna circuit topology, the soft
start circuit provided in this embodiment of this applica-
tion may be disposed on a positive busbar. The soft start
circuit includes a switching tube Q1 and a relay K1 that
are connected in parallel.

[0051] Before a three-phase voltage is connected,
both K1 and Q1 are in a turned-off state, and voltages
on bus capacitors C1 and C2 are both 0. After the three-
phase voltage is connected, an auxiliary power supply
operates to supply power to a control circuit. The control
circuit outputs a PWM wave to Q1 to limit a current of
Q1. The bus capacitors C1 and C2 are charged through
Q 1using avoltage obtained after rectifying an alternating
current. After voltage values of the bus capacitors reach
a rectified value of an input voltage, K1 is turned on, Q1
is bypassed, and Q1 is turned off, so that an effect of soft
starting is achieved.

[0052] An embodiment of this application further pro-
vides a converter. As shown in FIG. 10, a converter 1000
includes a rectifier circuit 1001 and the foregoing soft
start circuit 200. The soft start circuit 200 is used to im-
plement soft starting of the rectifier circuit 1001. The rec-
tifier circuit 1001 is used to rectify an input alternating
current to obtain a direct current.

[0053] Itshould be noted that, for implementations and
technical effects that are of the converter 1000 and that
are not described in detail, reference can be made to
related descriptions of the soft start circuit 200. Details
are not described herein again.

[0054] It is clear that a person skilled in the art can
make various modifications and variations to embodi-
ments of this application without departing from the scope
of embodiments of this application. This application is
intended to cover these modifications and variations pro-
vided that they fall within the scope of protection defined
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by the following claims and their equivalent technologies.

Claims

1. A soft start circuit, wherein the soft start circuit is
located between a rectifier circuit and a bus capac-
itor, and is used to implement soft starting of the rec-
tifier circuit, and the soft start circuit comprises:

a switching tube; and

arelay, wherein therelay is connected in parallel
to the switching tube, the relay is in a turned-off
state before the rectifier circuit is powered on,
and after the rectifier circuit is powered on and
a voltage value of the bus capacitor reaches a
preset voltage value, the relay is turned on.

2. The circuit according to claim 1, wherein after the
rectifier circuit is powered on, an input current of the
rectifier circuit charges the bus capacitor via the
switching tube.

3. Thecircuitaccording to claim 1 or 2, wherein the soft
start circuit is located on a positive busbar; the soft
start circuit is located on a negative busbar; or the
soft start circuit is connected in series to the bus ca-
pacitor.

4. The circuit according to any one of claims 1 to 3,
wherein the rectifier circuit is any one of the following:

a three-phase three-level power factor correc-
tion PFC circuit;

a three-phase two-level PFC circuit; and

a single-phase PFC circuit.

5. The circuit according to any one of claims 1 to 4,
further comprising:
aresistor, wherein the resistor is connected in series
to the switching tube and is configured to perform
current limiting on the switching tube.

6. The circuit according to any one of claims 1 to 5,
wherein a control signal of the switching tube is a
pulse width modulation PWM wave.

7. The circuit according to any one of claims 1 to 6,
wherein the switching tube is a metal-oxide-semi-
conductor field-effect transistor MOSFET, an insu-
lated gate bipolar transistor IGBT, or a triode.

8. The circuit according to any one of claims 1 to 7,
wherein the relay is an alternating current relay, a
direct current relay, or a contactor.

9. The circuit according to any one of claims 1 to 8,
wherein a control circuit controls turning-on of the



10.

1.

11 EP 4 318 906 A1

relay.

The circuit according to claim 9, wherein the control
circuit is powered by an auxiliary power supply, and
the auxiliary power supply takes power at an input
end of the rectifier circuit.

A converter, comprising a rectifier circuit and the soft
start circuit according to any one of claims 1 to 10,
wherein the soft start circuit is used to implement
soft starting of the rectifier circuit, and the rectifier
circuit is used to rectify an input alternating current
to obtain a direct current.
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